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ABSTRACT 
 
 In recent years, the impact of aquatic pollution on human and 
animal life has become a matter of great concern.  Fish are generally 
considered to be the most feasible organisms for pollution monitoring 
in aquatic environment.  Pesticides may enter water ways either after 
direct application or agricultural or urban run-off, which may pose a 
serious threat to non-target organisms.   
The effects of pesticides on fish are important, since they 
constitute an important link in food chain and their contamination by 
pesticides imbalances the aquatic system.  Fish exposed to any 
pollutant undergo a series of biochemical and physiological changes to 
regulate the effect of the toxicant.  Selected biomarkers may act as 
early warning signals before the onset of deleterious effects at 
physiological and cellular level, and provide an evidence for changes 
at higher levels of the biological organization.   The use of suitable 
biomarker with varying degree of specificity is an important aspect in 
biomonitoring studies.  The toxicity assessment of any pollutant 
including organophosphates (OP) cannot be exclusively based one 
biomarker, but an integrated response that influence on another may 
be useful.  Further, these results may be extended to natural fish 
populations in pesticide contaminated aquatic streams and can be 
used as baseline data for comparative field and lab assessment.  
Hence, in the present study an effort has been made to evaluate 
multi-biomarkers, as an integrated approach using a battery of 
biochemical assays that can be used to characterize the complex 
mixtures of pollutants in aquatic ecosystem.   The present study is 
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mainly focused on the sub-lethal effects of chlorpyrifos (CPP, 3 µg L-1) 
and profenofos (PF, 30 µg L-1) on euryhyaline fish, Oreochromis 
(Tilapia) mossambicus.  Locomotor behavior and swimming speed of 
the fish were measured using computerized video tracking system.  
Further various biochemical parameters: carboxylesterase (CaE), 
aminotransferases, glycogen, lipid peroxidation (LPO), Glutathione S-
transferase (GST), superoxide dismutase (SOD), Catalase (CAT), 
Glutathione reductase (GR), and Reduced Glutathione (GSH) were 
studied in different tissues (brain, gill, viscera and muscle) of exposed 
fish in a time-dependent manner.  DNA damage (comet assay) in 
erythrocytes of fish, were also addressed.   
Characterization of cholinesterase (ChE) in different tissues of 
fish (brain, gill and muscle) using three substrates and selective 
inhibitors was studied in vitro.  The results showed that the order of 
three substrates hydrolyzed in different tissues was acetylthiocholine 
(ATC) > propionylthiocholine > butyrylthiocholine.  The maximum 
velocity (Vmax) of acetylcholinesterase (AChE) hydrolyzing ATC, was the 
highest among the three substrates.  AChE was predominant in brain, 
whereas gill and muscle has both AChE and pseudocholinesterase 
(BChE).  Hence, the differentiation between AChE and BChE is 
essential when gill and muscle are used in monitoring studies.  Based 
on the in vitro results, PF is highly sensitive to fish brain AChE activity 
with an IC50 value of 2.73 x 10-5 M in comparison to CPP, which 
exhibited an IC50 value of 8.12 x 10-5 M.  The study points to the 
importance of kinetic studies, before utilizing in monitoring ecosystem 
for cholinesterase inhibiting contaminants.   
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Locomotor behaviour (distance travelled) and swimming speed 
was significantly reduced in exposed fish.  CaE activity and tissue 
glycogen content were reduced in brain, gill and muscle.  Exposed 
fish, showed, an adaptive elevation of aminotransferase levels aiding 
gluconeogenesis through transamination of glucogenic amino acids to 
meet the high energy demand under pesticide toxicity.    
GSH levels were depleted in all the tissues and LPO was 
induced.  GST and SOD activities showed transient increases in gill, 
viscera and muscle tissues.  GST was inhibited in brain of PF exposed 
fish, but induction was observed after exposure to CPP.   SOD activity 
was inhibited in brain after exposure to both the toxicants.  CAT and 
GR were inhibited in gill and viscera. A significant increase in DNA 
damage was observed in exposed fish.   The oxidative DNA damage 
(comet assay), oxidative stress biomarker, LPO and non-enzymatic 
antioxidant (GSH), can be useful as biomarkers in aquatic pollution 
monitoring.  As, the antioxidant enzymes may keep fluctuating in 
actual fields conditions, depending upon the presence and existing 
concentration of the toxicants that are available in the environment.  
These antioxidant enzymes may change, but the damage products, 
LPO, DNA damage and GSH levels will be persisting.  Locomotor 
behaviour, is also an useful tool, as it reflects the physiological 
response of the organism.   
The present findings provide an insight for assessment of 
various parameters, for their successful use as biomarkers, in 
biomonitoring and may be used in assessing the risk of these 
environmental pollutants to human health. 
